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method used to deposit organic film from electroactives monomers on a substrate. The method is controllable 
and yet promises a good quality film formation [6]. Generally, three different techniques were employed and 
they are cyclic voltammetry, chronoamperometry, and chronopotentiometry. A successful electrode fouling 
can be determined by various experimental parameters including the monomer concentrations, pH, the scan 
rate, the upper potential limit, the electrochemical techniques, and the solvent [4,12]. 
In this work, cyclic voltammetry (CV) was carried out in order to electrodeposit salicylideneaniline onto 
the mild steel substrate. Salicylideneaniline is part of the azomethine group containing C double bond N (C=N) 
connected to the aryl or alkyl group. Hydroxyl group (-OH) on the ring makes the deposition of 
salicylideneaniline become possible. The purpose of the study is to modify the mild steel surface by 
depositing non-conductive organic film on the mild steel surface by simple electrochemical method.  
2. Experimental 
Salicylideneaniline was synthesized by reacting salicylaldehyde with aniline at 1:1 ratio in the absence of 
solvent, producing yellow solid compound according to method developed by Saggiomo and coworkers [11]. 
Fig. 1. shows the chemical structure of salicylideneaniline. 
 
 
Fig. 1. Chemical structure of salicylideneaniline 
A three-electrode system was used throughout this study. A silver/silver chloride (Ag/AgCl) reference 
electrode, platinum electrode counter electrode, and mild steel working electrode with a composition (in wt%) 
C 0.05; Fe 99.63; Mn 0.23; P 0.02; S 0.02; Si 0.05. The surface area of mild steel electrode was 1cm2. The 
mild steel working electrodes were polished up to 1200 after which it was then diamond polished to 1μm 
before each experiment. They were washed with distilled water, degreased with acetone and ethanol, and 
finally dried and stored in desiccator before used.  
The electrodeposition was carried out using cyclic voltammetry (CV) technique in 0.3 M sodium 
hydroxide solution (70% distilled water: 30% ethanol) containing 0.1 M salicylideneaniline. The pH of the 
solution is adjusted to pH 12. The alkaline medium was chosen for electrodeposition process as mild steel 
remains passive in basic medium. The electrolytes were freshly prepared before each experiment. All 
chemicals used were analytical grade obtained from Sigma Aldrich. All cyclic voltammetry were carried out 
using Metrohm Autolab potentiostat-galvanostat PGSTAT 302N connected to the Nova 1.7 software.  
3. Results and discussion 
3.1. Cyclic voltammetry on mild steel electrode 
Fig. 2.(a) shows the cyclic voltammogram of mild steel electrode immersed in 0.3M sodium hydroxide (70% 
N
HO
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distilled water: 30% ethanol) solution. It was carried out at a potential range of -0.5 V (versus Ag/AgCl) to 
+1.6 V (versus Ag/AgCl) and reversed back to -0.5V (versus Ag/AgCl) at a scan rate of 50mVs-1. Based on 
the cyclic voltammogram, there was no oxidation reaction until it reach the potential of +0.6V (versus 
Ag/AgCl). The current start to rise above the potential of +0.6V (versus Ag/AgCl) due to oxidation of the 
mild steel [3]. 
Fig. 2.(b) shows the cyclic voltammogram of mild steel electrode immersed in 0.3M sodium hydroxide (70% 
distilled water: 30% ethanol) solution containing 0.1M salicylideneaniline. Five CV cycles were carried out in 
order to electrodeposit salicylideneaniline onto the mild steel at the potential range of -0.5V (versus Ag/AgCl) 
to +2.0V (versus Ag/AgCl) at a scan rate of 50mVs-1. A brownish color was observed on the mild steel 
surface as the current start to increase during the first CV cycle. The color darkened as the number of cycles 
increased. This could be due to the increasing amount of material formed on the mild steel surface. 
 
 
Fig. 2. Cyclic voltammograms of mild steel electrode in (a) 0.3M sodium hydroxide (70% distilled water: 30% ethanol) solution (b) 0.3M 
sodium hydroxide (70% distilled water: 30% ethanol) solution containing 0.1M salicylideneaniline. Scan rate of 50mVs-1. 
As shown in the figure, all the five CV cycles shows irreversible wave indicating no reduction reaction 
occurs during the test. During the first cycle, the current start to rise quickly as the potential reach +0.6V 
(versus Ag/AgCl) and further increase until it reach the maximum current of 0.032A and suddenly the current 
drop rapidly as the potential go above the +1.79V (versus Ag/AgCl). Current suppression can be seen as the 
number of cycle increased. This is due to the passivation of the mild steel surface which leads to the 
suppression of current. The mild steel surface becomes passive caused by the deposition of and insulative 
layer of salicylideneaniline on the mild steel surface during the electrodeposition process. Electrodeposition 
process become difficult as the active surface on the anode electrode decreased [1,8,13] making it difficult for 
electron transfer to occur indicated by the suppression of current on the cyclic voltammogram. 
The surface morphology of salicylideneaniline deposited on the mild steel surface was observed by 
scanning electron microscope (SEM). After the electrodeposition process, the sample was cleaned using 
distilled water, dried and stored in desiccator. An SEM analysis was carried out with the result shown in Fig. 
3. The results show good coverage of the mild steel surface by the organic film. This is consistent with the 
cyclic voltammetry behavior which shows the current suppression after the first potential cycle indicating the 
formation of organic film on the mild steel surface that act as a barrier for the oxidation to occur. 
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Fig. 3. Scanning electron micrographs after the electrodeposition of salicylideneaniline on the mild steel surface. (a) Top view with 
enlargement factor of 100000 times, (b) Cross-section with enlargement factor of 5000 times.  
3.2. The effect of scan rate 
Fig. 4. shows the first cyclic voltammograms during the electrodeposition of 0.1M salicylideneaniline on 
the mild steel surface in 0.3M sodium hydroxide (70% distilled water: 30% ethanol) solution studied at 
different scan rate. The voltammograms indicates that as the scan rate potential increased the current peak 
increases and also shifted to more positive potentials. The observations agree with the previous 
electropolymerization studies on the effect of scan rate [1,12]. Brownish color was observed on the mild steel 
surface although different scan rate potentials were used. 
 
 
Fig. 4. First Cyclic voltammograms of mild steel in 0.3M sodium hydroxide (70% distilled water: 30% ethanol) solution containing 0.1M 
salicylideneaniline at various scan rate. 
Fig. 5.(a) shows that the increase in peak current is proportional to the square root of scan rate, Ȟ1/2  . This 
indicates a diffusion-controlled process. There are two possibilities how salicylideneaniline molecules react, 
first is through the diffusion of free molecules to the electrode surface and second is through the adsorption of 
the molecules on the mild steel surface [12]. Fig. 5(b) shows a parallel relation between the peak potential, Ep 
and logarithms of scan rate, log Ȟ where it indicates the irreversible reaction during oxidation of 
salicylideneaniline [12]. The linear regression equation is 
 
 Ep (V) = 0.634 + 0.659 log Ȟ (mVs-1)                                                                                                       (1) 
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Fig. 5. (a) Graph of current densities, i versus square root of the scan rate, Ȟ1/2  and (b) graph of peak potential, Ep versus logarithm of the 
scan rate, log Ȟ. 
4. Conclusion 
Electrodeposition of salicylideneaniline shows irreversible peak of cyclic voltammogram indicates that 
only oxidation reaction occurs. Strong current reduction was observed after the first potential cycle showing 
that the active site on the mild steel surface has been passivated by the organic film. SEM results indicate that 
organic film was formed on the mild steel surface. Brownish color was observed on the mild steel surface 
during the oxidation of salicylideneaniline even though different scan rate potentials were used. This shows 
that oxidation reaction still occurring even at different scan rate. The current peak shifted to more positive 
potentials at higher scan rate potential due to the diffusion controlled process. Corrosion study will be 
conducted after the surface modification to measure it effectiveness against corrosion. Surface modification 
via formation of organic passive layers is an alternative approach in developing an optimum corrosion 
protective layer particularly in acidic or marine conditions. 
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